Background. In the treatment of melanoma, inguinal lymph node dissection (ILND) is the standard of care for palpable or biopsy-proven lymph node metastases. Wound complications occur frequently after ILND. In the current study, the multicenter American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) was utilized to examine the frequency and predictors of wound complications after ILND. Methods. Patients with cutaneous melanoma who underwent superficial and superficial with deep ILND from 2005-2010 were selected from the ACS NSQIP database. Standard ACS NSQIP 30-day outcome variables for wound occurrences-superficial surgical site infection (SSI), deep SSI, organ space SSI, and disruption-were defined as wound complications.
More than 800,000 people in the United States have cutaneous melanoma. 1 For patients with palpable or biopsyproven lymph node metastases, inguinal lymph node dissection (ILND) is the standard of care. Wound complications after ILND in the treatment of melanoma are common, with rates ranging from 64-77% in prospective studies. [2] [3] [4] These studies have utilized a variety of definitions of wound complications, including not only surgical site infections but other complications, such as seroma, hematoma, skin necrosis, and delayed healing. In addition to using inconsistent definitions of the primary outcome, these prior studies have been limited by small sample sizes and single-institution design. Therefore, our objective was to determine the contemporary rate and predictors of wound complications after inguinal lymph node dissection for melanoma in a large multi-institutional cohort using precisely defined variables. The hypothesis was that wound complications after ILND for cutaneous melanoma are frequent and associated with both patient and procedure-related factors.
METHODS

Data and Patients
The source of data for the study was the Participant Use Data File (PUF) of the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP). ACS NSQIP collects prospective data from participating medical centers for the purpose of surgical quality improvement. At each site, a surgical clinical reviewer utilizes medical record review and patient interview to record information on precisely defined variables describing patient demographics, comorbidities, preoperative laboratory values, operative variables, and 30-day postoperative outcomes, including 21 complications, reoperation, length of stay, and mortality. After removing patient identifiers, ACS NSQIP makes these data available to participating sites in the form of the PUF for quality improvement and research purposes. Information about the ACS NSQIP, training and oversight of personnel, sampling and data collection methodology, and variable definitions are available online. 
Outcomes
The primary outcome was wound complication, which was defined as the presence of one or more of the following ACS NSQIP ''wound occurrence'' variables: superficial surgical site infection (SSI), deep SSI, organ space infection, and wound disruption. ACS NSQIP uses the Centers for Disease Control and Prevention (CDC) definitions of wound infection for superficial SSI, deep SSI, and organ space infection. 6 The CDC definition of wound infection requires documentation of at least one of the following: purulent drainage, abscess, positive cultures, signs of infection and opening of the wound, and/or a diagnosis by the attending physician or surgeon. In the absence of one of the above, specific criteria, documentation of signs of wound infection, such as erythema or induration, or treatment with antibiotics is insufficient to meet the standard of the CDC definition of wound infection. Wound disruption is defined by ACS NSQIP as separation of the layers of a surgical wound, which may be partial or complete, with disruption of the fascia. Importantly, current ACS NSQIP wound occurrence variables do not capture hematomas, seromas, lymph leak requiring prolonged tube drainage, skin necrosis, or delayed wound healing. Secondary outcomes included 30-day mortality and reoperation.
Variables
Potential explanatory and control variables used in the analysis included patient demographics, comorbidities, preoperative laboratory values, and operative variables, as shown in Table 1 . The variable list was examined and comorbidities with a frequency of less than 2 % in the overall sample were removed from further analysis. Additionally, the laboratory variables for white blood cell count and albumin were removed from further analysis because at least 15 % of the values were missing.
Statistical Analysis
Summary statistics were generated to describe patient demographics, comorbidities, preoperative laboratory values, and operative characteristics. Univariate statistical tests were used to describe the frequencies of patient characteristics: v 2 for categorical variables, and Wilcoxon rank-sum and t tests for continuous variables. Multivariate logistic regression analysis was performed on variables with a p value of 0.05 or less on the univariate analysis to calculate adjusted odds ratios, 95 % confidence intervals, and adjusted predicted probabilities for wound complications after ILND. All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) software, version 19.
RESULTS
Patient Characteristics
A total of 281 patients underwent ILND for melanoma and otherwise met the inclusion criteria for the study. Patient characteristics are shown in Table 1 .
Frequency of Wound Complications and Univariate Analysis of Risk Factors
Forty patients (14.2 %) had a wound complication according to ACS NSQIP definitions. These 40 patients had a total of 45 wound complications: 33 superficial SSI, 4 deep SSI, 1 organ space infection, and 7 wound disruptions. Only one patient died within 30 days after surgery, and that individual did not have a recorded wound complication. The frequency of 30-day reoperation in patients who had a wound complication was 12.5 % compared with 5.8 % in those who did not have a recorded wound complication, but this difference was not statistically significant (p = 0.16).
Univariate analyses were performed to identify risk factors associated with wound complication after ILND; the results are summarized in Table 1 . Obesity, diabetes, and having a more extensive ILND were all associated with higher rates of wound complication.
Multivariate Analysis of Predictors of Wound Complications
To determine predictors of wound complication after ILND for melanoma, a multivariable model was created, which included body mass index class, diabetes, and extent of inguinal dissection. The results of the multivariate analysis are shown in Table 2 . Obesity, diabetes, and extent of ILND were all significantly associated with the outcome. 
DISCUSSION
This is the largest reported study to examine patient complications after inguinal lymph node dissection for melanoma and is the first with a multi-institutional design. In this series of patients, only one of seven, or 14.2 % of patients who had an inguinal lymph node dissection for melanoma developed a wound complication according to ACS NSQIP definitions. Three factors were found to predict wound complications after ILND for cutaneous melanoma: obesity, diabetes, and undergoing a more extensive lymphadenectomy.
Compared with single-institution studies with wound complication rates of up to 77 %, wound complications after ILND were significantly lower in this analysis of ACS NSQIP data. 2 There were two major differences between the outcomes and variables used in the current study and the previous single-institution studies, which may account for this discrepancy: (1) which wound occurrences were included in the primary outcome of ''wound complication,'' and (2) how wound infection was defined. Previous studies have used expanded definitions of wound complications that included additional variables, such as seromas, hematomas, wound breakdown/skin necrosis, and delayed healing, whereas ACS NSQIP limits wound occurrences to surgical site infections and wound disruption.
2,4,7-13 In addition, whereas previous studies on wound complications include any use of therapeutic antibiotics in the criteria for defining wound infections, ACS NSQIP uses the strict CDC definitions for surgical-site infections, which do not include the administration of therapeutic antibiotics alone as a definition of wound infection. [2] [3] [4] [6] [7] [8] [9] [10] [11] 13, 14 A review of the literature identified seven previous studies that reported risk factors for development of wound complications after ILND for melanoma (Table 3) . The current study found a BMI of 30 or greater to be associated significantly with wound complications after ILND for cutaneous melanoma. This finding is consistent with results from other studies.
The current study also found a significant relationship between diabetes and the development of wound complications and is the first study to demonstrate a positive association between these two factors in patients undergoing ILND for melanoma. The study performed by Chang et al. is the only other study that examined this relationship. 2 The lack of a significant association between diabetes and wound complications in their study was likely related to the small sample (n = 53, only 6 of whom had diabetes). Additionally, the current study was the first to find that patients who underwent a combined superficial and deep ILND had an increased risk of developing wound complications compared with patients who only underwent a superficial ILND. The three previous studies that examined this relationship and found no association also were likely limited by small sample size.
2,9,11
Limitations
The most significant limitation to our study was the failure of ACS NSQIP to capture all patients with clinically relevant wound complications. Whereas the current study was able to link obesity, diabetes, and undergoing a superficial and deep lymphadenectomy with wound complications as defined by ACS NSQIP, it is unknown whether these risk factors would still be significant, or if additional risk factors would be identified, if an expanded range of wound complications were adequately recorded.
ACS NSQIP includes a large number of precisely defined preoperative and postoperative variables. However, because it is part of a national quality improvement initiative, it does not currently capture clinical data specific to melanoma surgery that may contribute to wound complications, including oncologic information, such as stage, method of presentation (sentinel lymph node biopsy-positive versus palpable lymphadenopathy), and number of involved lymph nodes; operative variables, including the type of incision and approach; and postoperative care factors, including the duration of drain use. Additional limits of ACS NSQIP include the lack of data regarding patient socioeconomic status, surgeon variables, such as fellowship training, specialty within general surgery, and case volume, as well as hospital size, procedure volume, and certification as a cancer center. Finally, although the current study established diabetes as a significant risk factor for the development of wound complications, ACS NSQIP does not currently provide perioperative blood glucose or hemoglobin A1c levels. This limits the ability to evaluate the association of wound complication with perioperative hyperglycemia or long-term glycemic control.
CONCLUSIONS
This large, multi-institutional, prospective study on wound complications after inguinal lymph node dissection for melanoma has two important implications. First, this study has identified three significant predictors of wound complications after this procedure-diabetes mellitus, obesity, and increased extent of nodal dissection-and this information may be useful both for preoperative patient counseling and also to enhance postoperative monitoring of these high-risk patients to recognize and treat wound complications early in their course. Second, the lowerthan-expected overall rate of wound complications suggests that additions and modifications to the current list of ACS NSQIP wound occurrence variables may be indicated. Future iterations of the ACS NSQIP for Oncology and procedure-specific modules should expand the definition of wound occurrences to incorporate additional clinically relevant surgical outcome variables, including hematoma, seroma, percutaneous drainage procedures, lymph leak requiring prolonged drainage, skin necrosis, and delayed healing.
Disclaimer The American College of Surgeons National Surgical Quality Improvement Program and the hospitals participating in it represent the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or for the conclusions derived by the authors.
